Abstract Gross iron overload has long been known to result in diabetes mellitus. However, it is now thought that milder levels of iron overload, possibly within the normal range, also increase the risk of diabetes mellitus. The article by Rawal et al in this issue (Diabetologia doi: 10.1007/s00125-016-4149-3) provides further support for the relationship between mild degrees of iron overload and the risk of gestational diabetes. The purpose of this commentary is to briefly discuss the background of this relationship and the implications it may have for routine pregnancy care.
Introduction
Iron is an essential element in normal human physiology despite the fact that the free molecule is highly toxic. Iron readily oxidises or reduces and this property can help create powerful oxidant species. There are complex regulatory mechanisms to control iron metabolism and prevent iron toxicity [1] . However, despite these protective mechanisms, it is well known that gross iron overload is toxic and results in a number of pathophysiological conditions including diabetes mellitus.
The aetiology of diabetes and iron overload
The aetiology of diabetes in states of iron overload is complex [2] [3] [4] ; insulin deficiency may be the primary problem, as I was taught as a medical student. Insulin resistance also contributes to this process, as does the disruption of almost all the metabolic pathways that involve iron, leading to metabolic inflexibility [3, 4] . However, insulin resistance may well be secondary to other factors, including hyperglycaemia.
It should not be assumed that the mechanisms that account for the increased risk of diabetes with gross iron overload are the same as the risk that has more recently been identified with milder iron excess. Over the last 20 years or so, evidence has grown that more subtle levels of iron overload, or even sufficiency, are associated with diabetes and a causal link has been suggested [5] . Epidemiological studies have demonstrated a relationship between measures of iron stores (predominantly ferritin) and the risk of developing typical type 2 diabetes [6] or gestational diabetes [7] , and of having these conditions [2] . However, since diabetes is associated with inflammation, which causes elevations in ferritin levels, the causal relationship between iron stores measured by ferritin and diabetes has been questioned.
Evidence for the impact of iron status on diabetes risk
Evidence used to support a causal relationship between iron status and diabetes includes the observation that the risk of developing type 2 diabetes is approximately three times greater following an increment of 5 mg/day of dietary haem iron [7] [8] [9] . Non-haem iron intake, as well as supplemental iron, seems not to be associated with type 2 diabetes [7] [8] [9] . However, this evidence should be judged cautiously given the reduced absorption of non-haem iron compared with haem iron and the problems of compliance with supplements. Such a conclusion regarding iron supplements may be important, however, as it may reduce concerns about iron therapy in pregnancy.
Stronger evidence for the impact of iron status on diabetes, although based on imperfect data, is the observation that venesection may protect against type 2 diabetes [10] or improve glycaemic control in healthy individuals [11] and in people with impaired glucose tolerance [12] . Venesection also improves insulin sensitivity and glycaemic control in type 2 diabetes, particularly in participants with high ferritin values [13, 14] . These observations need to be confirmed in a large randomised controlled trial; if the benefits of venesection on diabetes and diabetic risk were to be confirmed, it would change clinical practice.
Surrogate markers for iron storage: which one should be used to assess risk and when?
In this issue of Diabetologia, Rawal et al [15] describe a relatively small case-control study that provides further support for the hypothesis that a mild degree of excess iron storage increases the risk of developing diabetes, in this case gestational diabetes mellitus (GDM).
The identification of excess iron stores relied on indirect measurements, namely of ferritin, hepcidin and soluble transferrin receptor (sTfR), and persisted despite correction for several confounders, including C-reactive protein (CRP) as an indicator of inflammation, and several obvious risk factors for GDM. There was no relationship between GDM risk and sTfR, possibly because this variable is reflective of iron deficiency (sTfR levels increase as iron deficiency worsens) and the relationship between the risk of diabetes and iron stores does not persist at lower levels of iron storage. Rawal and colleagues [15] also demonstrated that the relationship between GDM risk and iron status was not uniform when defined by ferritin and hepcidin; the positive association between hepcidin and the risk of GDM was only present in the second trimester, whereas with ferritin this relationship occurred in the first trimester (Table 1) . Hepcidin and ferritin levels are both increased with inflammation, but hepcidin production is otherwise thought to increase only with increased iron stores.
If the hypothesis that abundant iron stores increase the risk of diabetes is correct, defining the precise relationship between iron load and the risk of hyperglycaemia is important. For example, does the increased risk of GDM commence with levels of iron stores within the 'high end' of the normal range or only with increased iron storage levels above the reference range? Defining the threshold for risk (if a threshold exists) and when a 'normal' result may not necessarily signify the absence of risk will be important for clinical practice. Additionally, defining the optimal marker for elevated iron storage will also be necessary to advance clinical practice.
Rawal et al [15] also showed that there was no association between any of the measures of iron stores and GDM risk in the later stages of pregnancy. This finding may reflect the changes that occur in iron stores in late pregnancy. However, it may also be a result of the decreased number of cases and controls at later stages of the study compared with at the first trimester. Nonetheless, findings that contribute to our understanding of the mechanisms underlying any relationship between excess iron stores and the risk of developing diabetes, and the pathophysiology of diabetes in general, are particularly important. It is also important for us to understand the relationship between surrogate measures of iron stores and diabetes, particularly if inflammation impacts on levels of these variables, causing them to be elevated. The aetiological mechanisms underlying the relationship between measures of iron stores and the risk of hyperglycaemia are likely to be multifactorial and are predicted to play only a modest role in the development of subsequent hyperglycaemia. This is in keeping with the current concept of the aetiology of type 2 diabetes, which is the sum of many minor abnormalities. Data for GDM risk and markers of risk are taken from [15] Implications for clinical practice Dothesefindingshaveanyimplicationsforclinicalpracticeat this time? That may depend on where you practice. Rawal et al [15] note that guidelines for iron therapy in pregnancy vary. In areas of the world in which iron deficiency in pregnancy is common and resources are limited, the WHO and Centers for DiseaseControlandPreventionrecommendationsforroutine iron supplementation in pregnancy seem appropriate. In areas where testing for iron deficiency in pregnancy is routine, iron supplementation should be used only as required. Further research in this area is required; intervention studies in individuals with elevated ferritin levels may help to confirm the benefits of reducing ferritin levels with regard to diabetes prevention or improvements in glycaemic control in those with varying degrees of glucose intolerance. This research would not address the underlying mechanisms involved in the increase in GDM risk with excess iron storage but would change clinical practice and influence pre-pregnancy planning.
Conclusions
In an ideal world, confirmation of the findings reported by Rawal et al [15] in a larger, prospective population study with multivariate analysis correcting for all known confounders would be very useful and could influence the approach to iron therapy in pregnancy. In the meantime, the status quo seems appropriate while awaiting further studies, particularly on the potential benefits of venesection.
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